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Why is this important?

 Entered into force in 1994 

 US is a (Annex 1) Party to the UNFCCC

 197 countries have ratified the Convention

 ‘’…act in the interests of human safety even in 
the face of scientific uncertainty.”

 Stabilize GHG concentrations "at a level that 
would prevent dangerous anthropogenic 
(human induced) interference with the 
climate system." 

Scripps Oceanographic Institute 2



Mission...

…to advance the science, monitoring and 
reporting of greenhouse gas emissions 
and removals on land with trees in the US

…which will help land managers and 
policy makers evaluate existing practices 
and polices and inform future activities
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Context within the land sector

U.S. Environmental Protection Agency [US EPA]. 2020. Inventory of U.S. greenhouse gas emissions and sinks: 1990-2018. EPA 430-R-20-002. Washington, DC: U.S. Environmental Protection Agency. 
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2018 4



C stocks by pool in the US

Domke, Grant M.; Walters, Brian F.; Nowak, David J.; Smith, James, E.; Ogle, Stephen M.; Coulston, J.W.; Wirth, T.C. 2020. Greenhouse gas emissions and removals from 
forest land, woodlands, and urban trees in the United States, 1990-2018. Resource Update FS-227. Madison, WI: U.S. Department of Agriculture, Forest Service, Northern 
Research Station. 5 p. https://doi.org/10.2737/FS-RU-227.
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C fluxes by pool in the US
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Motivation

 Expand the use of in situ plots

 Integrate auxiliary information

 Align national and international reporting 
instruments

 Maintain transparency and open access

 Incorporate emerging science

 Build partnerships

 Remain nimble to address ever-changing 
requests, guidance, and stakeholder needs

“…inventories should contain neither over nor underestimates so far 
as can be judged, and the uncertainties in these estimates should be 
reduced as far as practicable.” – IPCC

Intergovernmental Panel on Climate Change 2006. IPCC guidelines for national greenhouse gas inventories. http://www. ipcc-nggip. iges 7



Where do we start?

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. 8



IPCC Tiers

 Tier 1: Coarse assumptions, UN-FAO data

 Tier 2: Coarse assumptions, area specific data

 Tier 3: Complex, detailed, area specific methods

– Single approach

– More complex decay functions

– Detailed tracking over many years

– Account for exported products

– Potential information from outside the area 

– Interaction with other sectors (waste, energy, etc.)

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. 9



IPCC Methods

1. Stock change methods

– All HWP consumed in the area, regardless of origin

– Imports are included, exports are excluded

2. Production methods

– All HWP produced from timber harvested in the area

– Exports are included, imports are excluded

3. Atmospheric flow methods

– Direct estimation of annual atmospheric flux within 
domain boundaries 

4. Combined methods
IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. 10



Comparison of approaches

U.S. Environmental Protection Agency [US EPA]. 2020. Inventory of U.S. greenhouse gas emissions and sinks: 1990-2018. EPA 430-R-20-002. Washington, DC: U.S. Environmental Protection Agency. 
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2018
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Biomass for energy

12
IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland.



Production Approach

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. 13



Classification of wood products 

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. 14



Calculations

Stockmann et al. 2012, Carbon Balance and Management 7:1 15



Data Sources
Harvest Data

• Archived harvest records

• Online cut-sold reports

• Timber product ratios (Skog & 
Nicholson 1998)

• Softwood v. Hardwood

• Timber product examples:
– Sawtimber

– Pulpwood

– Fuelwood

– Post and pole

– “Non-saw”

– Christmas trees

Stockmann et al. 2012, Carbon Balance and Management 7:1 16



Data Sources

Primary products

• Market records

• Production reporting

• Primary product ratios (Smith 
et al. 2008)

• Examples:
– Lumber

– Pulp

– Plywood/OSB/NS-panels

– Mill residue

– Poles

– Fuelwood

Stockmann et al. 2012, Carbon Balance and Management 7:1 17



Data Sources

Convert Products to Carbon
• Empirical conversions
• Industry “standards”
• Accepted conversions
• Regional and local conversions
• Smith et al. 2005, wood to C
• Examples:

– IPCC
– UN-FAO
– USFS
– Industry standards
– LCA calculations
– Etc., etc.

Stockmann et al. 2012, Carbon Balance and Management 7:1 18



Data Sources

End use distribution

• Market records

• Production reporting

• End use ratios (S&N 1998; 
McKeever 2009)

• Examples:
– Lumber, single family housing

– Lumber, multifamily housing

– Lumber, manufactured housing

– Lumber, residential r and r

– Lumber, nonresidential buildings

– Lumber, other building

Stockmann et al. 2012, Carbon Balance and Management 7:1 19



Data Sources
Decay functions

• Decay 1: End use  SWDS

• Decay 2: SWDS  Emissions

• Decay functions:

– Empirical estimates

– IPCC/EPA estimates 

– Area specific information

Stockmann et al. 2012, Carbon Balance and Management 7:1 20



Calculations
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Stockmann et al. 2012, Carbon Balance and Management 7:1 21



Uncertainty Analysis

 Identify sources of uncertainty

 Set distributions

 Monte Carlo Simulation

 Quantify effects of uncertainty on outputs

22



The model(s)

http://maps.gis.usu.edu/HWP/



Next steps
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Start



Thank you

Grant Domke: grant.m.domke@usda.gov

FIA program: www.fia.fs.fed.us

FIA carbon: http://www.fia.fs.fed.us/forestcarbon/
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Stock change

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland.
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Atmospheric flow

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 
Ngarize S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland.
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Timber Products vs. Primary Products
Timber Products:
Categories recorded at time of timber sale or 
harvest, may not closely correspond to primary 
products manufactured.
Examples: sawtimber, pulpwood, fuelwood, 
non-saw, misc-convertible products.

Primary Products:
Categories of 1st products manufactured from 
the timber, includes mill residue uses.  
Examples: lumber, plywood, woodpulp, non-
structural panels.



Timber Product Ratios

 The model has 40 timber product classes, 
20 classes each for softwood and hardwood

 Annual time series; ratios sum to 1.00

 Examples of timber product classes include:
 Hardwood sawtimber, softwood sawtimber, softwood 

poles, hardwood poles, hardwood pulpwood, softwood 
pulpwood, mine props, ties, float logs, miscellaneous 
convertible



Oregon Timber Harvest and Use

1,057 MMCF of wood fiber

• 60% to sawmills

• 14% to log exports

• 13% to pulp mills

• 12% to veneer mills

• 82% of mill residue used for pulp & 
particleboard

• 15% of mill residue used for energy

• 0.5 MMCF (0.1%) not used



Timber Product Ratios



Primary Product Ratios

 Annual volumes of harvested timber products (e.g. softwood sawtimber) 
distributed to primary products

 The model has 64 primary product classes

 Examples of primary product classes include:

 Softwood lumber, softwood poles, hardwood wood pulp, softwood 
wood pulp

 Example of a timber product distributed to primary products:

Timber product
Sawmill products

Softwood sawtimber

Sawmill residue

Primary products

Fuelwood and other
Lumber
Non-structural panels
Plywood
Other industrial products
Wood pulp



Oregon Mill Residue

About 4.8 million BDT of woody mill residue 
(excluding bark) generated annually. 
About 0.1% not used.

Most used for pulp/paper or 
particleboard (>82%)

Less used for bioenergy and 
landscaping/mulch

Result of wood products 
industry operating in OR



Primary product ratios



HWP distribution examples

– Timber product: 
Softwood sawtimber 

– Primary products:
Softwood lumber, softwood plywood, mill residue pulp, mill residue fuel, 
mill residue non-structural panel, etc. 

– End uses:
New residential construction (single, multi family, mobile homes) residential 
upkeep and improvement, new non-residential construction, manufacturing 
(household furniture, other furniture, other products), shipping, other uses



End Use Ratios

 McKeever, David B. 2009. FPL-GTR-181

 224 primary product end uses:

 47 each for HW and SW 

sawtimber

 47 each for HW and SW

pulpwood

 36 for all other primary

products



HWP Data Sources

• Annual Harvest data (several sources)

• Timber & Primary product ratios (from OR mill studies):

• 2017, 2013, 2008, 2003, 1998, 1994, 1992, 1988, 

1985, 1982, 1976, 1972, 1968

• Wood to carbon estimates (Smith et al. GTR-343)

• Half-life data (Skog 2008)

• End use ratios (McKeever 2009)

• Fuelwood and wood waste emitted with energy capture, discarded 

products to landfills, dumps, compost (Skog 2008)

* Bold font = user created data; plain font = examples of data and parameters hard wired in the 
current HWP model


